(m Worid In<«BcctH«l Properfj 
Intemafiottft} Bfirean 



liiiliil'lliiiiliiiillltllli 



(43) Internationa) l>(ibh(aiu)n Dale 
7 Apni 200^ (07 04 2005) 



PCX 



WO2(K)5/()31880 A I 



K.17t.fS2(K»«D3K)32 



(32} Infiuuiiaoniil HJiiig Bale: 

2f» SeptcmbCT 20()4 (2S.C}9.20(») 



FiHtt^ Language 



M(it t S J'm (TIS) HiCKs, Chrfo n M 4<> 
Stma Afu Avt.ms> »m Ct<(ta Mcm C \ <>2i>Z? (US) 

Viejo. CA <)2692 (US). 

) Agentv BI<VK}ilY, Rogci, », Jr U HlikeH 

Boutu irA 1 1», A iptits (A <J0O''S ICb (US) 



fcnglfsh 



f 0ft73 1 5-> ■'6 Stpu. FijlKr '>«l'i (31. W 2003) t N 

« I7i) Applkant (/or <*// demmteii Suites em-qii USh SKMIr 
s COA SER«CX)N!>UCTORS fUSfl-Kj; .iiS Mcf.iinstfcK 
I Avenue, Costa Mesa. CA 92(526 fUSV 

s (72) tnventofsj aiid 

S m) tnventors/AppfieanIs US «tUyi'. GOliSHCttA, 



(SI; Di<w^sw(fd Siatev (,!<> t , ( !Ji < i # 

r<j rt; ( f 5 ; > 1 1 ^ ; S' ^ i %! M 

\j \l v/ in U. hi> «\\ m <, ^ I. 4 <. " 
f O (R i>i OK U^! U H bl. LS il 

(iB, GD C Jl* (»H &M IIR HU n> I! tN IS. FP Kr 
KG KP KR K/ U. LK LR 1&,IT lU IV W\ MD 
MO MK MN M%V MX M/ NA M NO N/,OM PC. 

PL FT RO KV SL SO M Nt, SK S! >\ !M 
i\ -}-!? !T 1/ ' ^ u I s ( / V( \N ^1! /\ 
ZW. 

{84) DeMgntat^ti Slaus {«««• > tMA*">n f t"(uui<ii ,>r evt \ 
kMofregwml fmt^itiim aviiilahl<t}t ARVPO (KW Gil. 
tiM KT,]S M% M/ NA SD 5*/, i/ XiU /M 

ICofitmued OH next pa^ej 



^ itti M 1 MU o i 



JODlODf & WHU mOH B XLK SUR}ACJ Rfil EX lAM I IN A WAVU IMrfH RANfrf 




O »57) Abstract: f sist silicoo phoioaiactcs wjth hfgti SjacK surfticercflecSaftcoin awavijkngth «ir!!;e i:is).<ic toifichiiniJgap. andtnethorfs 
*^ a! f aonciii wi! Oi siKh pfKiiodnxics. I he {dsutoiliodes have a patferuea oxirfe «f nrtnile taycx ou the back siirtace coveiBil f»y a metal 
^ -1^0' 1 ™k' .bi.iiiiai fonuc! Vkith uie M*>.!j«e ft. a patu-m e«taphmei>!«tv to tbepatistn til the k>M<(cO! tMt««te faver fhn 
-u! t(j iiit^i it Oi-tifi !iy w d tdjgt pLh.-i'!!!jj5<; oi fb«f hj>.k '■tirface whik <si the 'sme t«>*f pK>\ idmg encelietiv eieelntaf cantaci 
HI the bsck sijrfato. 



WQ 2005/031880 Al iiMiiiiiiiilliiiiiiiiM 



/W* lutasMfiWJ V BTi kli K/ MD, Rr D TM) f-o-t^o leiwrmdf^mdothtrahbT^mn^n. refftunht Uutd 

\ ijK in I K) HI B 7 { f! t Y ( / 0! Dk t } S H ame Notes ,m < oJi-K ami \hbn^uttiffrts' peanni at the he^tr 

>^ K {*{ li i f to f 1 CM GA GQ 

tiW. M!.. MR.-NH. SN. '('[). T<}1 

Putiiisfaeo: 

— mtk inmmational jecan^k rf.ppn 



wo 2fM)5/Q3tS8« 



FAST siiiicoH mcmmomB 
mm mm back stikfacb mrncTmm "m a mmimom rahob 

CLOSE TO THE 8ANDG&P 

, SftCK<SROUX^D OF THE II-j\'-EaTIOK 

1 . Fie l d Of the invention 

The present invention reiaces to semconauctor 
pho*-o Ji ja-js , ii- pailicular to silicon photod-lodes with highly 
reflPcMve n-ir-,., surfaces as well as to methods of fabricating 

siich structures. 

The jseirf ormance of silicon, photodiod^s within the 
spect^ral range close to the haxid^&p (~ 1124 run at 23 
depen^fe on th& quality of the back surface ^ «s the light 
pen^tr^tioh depth at these wavelengths is large enough to 
span the entire thiGtaiess of the die,: The light reflectance 
from th© back surface of the die shoiild be inaxiEiized to 
improve the responsivitir and (^antwii ef fieieiiGy of the 
photodiode. 

Ab shovm in Figure 1, prior art silicon photodiode 
struGtures use a sputtered inetsii layer or plating 1 (usually 
Au or Al) pn the wafer back side over an n-f or p+ layer 2,, 
followed toy Binteriag at - 400 ''C to provide & reliable back 
side electrical contact, figure 1 also: sehen^ticaily shows 
the photodio4e crystal bulk 3 and front side active area 
diffusion 4. As is well kno^^nl., such Structures are 
characteriEed by poor back surface reflectance, which becomes 
important for the wavelength range of X > 350 xm, since at 
these w^veleiigths the absorption length is comparable to the 

1 



wo 3mi5/03i88« PCT/US2O04miO32 

die thickness. Mote that "he v.b,ic:-:a^-e:i:£ of a conventio-iai 
silicon photodiode dd*5 is v;i Irhln r.he range 200 to 500 f.ira. 
Such tb.icknes.ses are usually requireci to absorb as much 
incident near infrared light as possible, thereby ma^xiraizing 
the photodiode rggponsivifcy afc % & 950 xm. 

To increase the cr.!.antiim efficieaacy of silicon 
photodicdes ixi the iiedr ixifrared spectral range, the back 
surface reflecta.nce should be iniproved, and cox responding 
raethodf:- using isolation Iciyeiis are v/eli known froR'^ solar cell 
pViysics and tecbnolog\', Hov/ever, these inethods aie not 
readily used in silicon rjhotodicae design. In additica, a 
dieHectrisC isola-yion layer 5 v/ith the thickness h bri.wnen the 
back side rner.al .•-■ffi j'^'. M.con niay detex-iorate significantly 
electrical pr-.^po^- 1 • --. o; ' he back side contact, thereby 
forcing addit:;on,3 l la-iar/jres to improve the photodiodss ' 
parameters such as t pr,ponr; i.^/ity/ frec[uency bandwidth, rise 
time , etc . See Figure 2 . 

BRIEF DBSCRIPTI ON OF I'liE DRAWING S 

The main ideas of the invejition are deraonstrated by the 
accompanying drawings. 

Figure i is a simplified schesiatic cross section of a 
typical, conventional structure for a front illuminated 
photodiode with a inefeaL layer sputtered or plated on the die 
back side. 

Figure 2 is a simplified schematic cross section of a 
front iiluffiinated. photodiode with the dielectric isolation 
layer on the back side. 
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Figure 3 is a simplified schematic cross sectioii of a 
photodiode structure having a back side niirror in accordance 
with the present invention. 

Figure 4 shows sehemafeically on^ arrangement of 
electrical contacts on the die hacK side. 

Figure 5 is a schematic cross section of. a completed 
photodiode in accordance with the present invention. 

DETAILED DESCRIPTION OF THE P REFERRED EMBODIMHl>n'S 

As previously discussed, improving the back surface 
reiilsctance of pbotod:; odes often causes deterioration of the 
photodiode performance with respect to such properties as 
frequency bandwidth and rise tiir^e. Tine present invention 
uses designs having an additional pliotOiT^ask on the viBfer back 
side. This design corrects the above shortcorfdngg , and 
pvovidos for superior respcnsivity and temporal 
i;ua:raci H;: i;?:.ics of silicon photodiodes within the spectral 
range close to the bandgap. 

Now referring to Figure 3, a simplified crosS: section of 
a. local region illustrating the back side detail of a 
photodiode in accordance with the present invention inay be 
seen. The structure may be fabricated using either n-type or 
p-type bulk silicon substrate 3. For brevity, the region 4 
of opposite con'-rujctivicy type on the top surface of the 
subsr-raiv^, the ^iixode in the case of p-on-n structure or the 
ca.thoae in t:he case g£ n-u.n-p structure will be referred to 
as "the first electrode", and ;:he cathode in the case of p~ 
on-n structure and the anode :.,n the case of n-on-p structure, 
will be referred to as "the second electrode". 
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The structure is obtained using em additional 
phot oma'^k/ etch process on the back side of the photodiodes, 
resulting in the so-called "back dieleotnc itiirroi." with a 
periodic contact «tri cturf* betv^Pii jretcal Tayer "! and m or p+ 
la>er 2 {a layer san^ i.^ du^ L tyioc =5^ tit 

Substrate 3, fchouah ot a higner conauct:..iv.i.t.Y than the 
substra"-'^) ■> m t*^a+ ""c 1 in } -s '^m e 3 "^h^ t:3: ^ckr<, j, of 
the dif=i <■ c J(^''t-r (1 ''^t ^ 1 by t^.r^ £ px^Tp" e e ^' 

ux:iLe oj. nit^^ut ^ct>cxf si lo pxei -rat:^^ i. e ^ i-vit . ..1 lai « > 
1 OC C A In e ex-^spl iry s'-iicriie 01 j^j.auie- ^ ^dsa 

it^axi^n^ of Tjcr ref ^r^^nce- of '-h^^ Joack suxf^'--^ j^-* i^i a =5*-ed 
iiGT each othei f-be 1 arro'A s*"ripi- o± bor -r <^-i -^or*- " 

o± whe cor.ta<^ 1 <--ii^^q btnp Sj^o^id 10 y ^ \.l I prr ia<- e 
secure Dack side conuact. The qaslitv of tne bacK side 
corAact IS ^lapoitant to get efticaent and lapid collection rf 
the non- equilibrium carriers. At the same time, the mdth of 
the contact opening should be kept as narrow as possible 
because the back side reflection from l~he contact area is 
considerably lower than the reflectance from the dielectric 
mirror. The ratio a/b -see Figure 3 should be chosen 
taking into account requirements on the responsivity 
uniforniity across the photodiode active area For cxarplo, 
if the responsivity should be unifom with an aGcuracy of 5% 
when scanning the active area with the 1 mm dxameter beam, 
then the total area Seorit of metal contacts enclosed inside 
the 1 mm diameter circle in any place a.cross the back surrace 
of the die Should not exceed the value (see ?ig;ure 4 as an 
example) : 
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vA'Jii.--fi J IS ficara dla'ntiter (D ~ 1 110 tnp rase of our 
example) , Tne total area Sq of the b-pm width (b = 5 }im) 
rrteta] contacts enclosed wdthir: the circle D = 1 imn is: 

From eouations 1 arid 2, it is clear that So < Scmtl 
therefore, 5-^^ width contact rtms 6n fcixe die ba<3K: jsid^ 
satisfy the optiiaization requiriginent;^ of se<;«riag: a gbod 
electrical eoiitact and high total ref lectariGS of the back 
surface of the die. 

if for the giveii struetvire fix® requirement s^^S^ does 
not hold, then the values of a snd h {nee Figures; 3 an4 
prefer^Iy should be changed to keep the ratio a/B *?ifchiii 
optiniv^l liirtits . 

An exemplary niechod of fabricat-ing a structure that 
satisfies the requirements of a higl:i back surface optical 
reflectance and excellent electrical performance of the: 
photodiode die comprises: 

a) A part of the front surface and back surface 

processing may be standard, and is not the object of 
this invention. It may include, but may not be 
iimited to; 

- Guard rirLg/chahnel stopper deposition, drive, and 
oxidation if required (riot shown) ; 

- Back side contact doping sebond electrode - 
enhancement & Ojcidatioh; 

- Front side first electrode dopant deposition, drive 
and oxidatiorir 

- Front side contact oper}ln0; 
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- Front and :back side laetal aepositioa astd sinteriag. 

b) The f dllciwxng steps are the objects of tjiis 
invent ion : 

- The back side oxide layer gxown during initial 
steps of wafer processing is not resa©ved; 

- Tiie actaitioBal photo processs is applied to op^ 
CQnta,cte in the oxi<3e layer bn the back side. This 
photo process could eitl3.er precedei the front side 
contaGt dpeiiihgs ot may imia^aiately follow it. 'Siie 
mask design should be iii adeord with the 
QGXisiderations given alxwe ±n the description of 
the first embodimeat of the invention. 

Figure 5 presents a cross sectioxi of an exeit^plary 
photodiode in accordance with the present iriverition. The 
topside of the photodxodes may be in a.ecordance with the 
prior art, haviJig a protective oxide 3Layer 6 with a patteiriied 
metal layer 7 thereover making; cohtacfc with the first 
electrode. The back side incorporates the increased 
reflectivity over the majority of the back side, yet 
preserTires the desired good electriGal contact 
character is tics, and can be designed fco provide a desired 
uniformity of respoiisivity over the ptsotodiode area. 

Thus, the present invention, provides a design for 
silicon photodiodes and photodiode baok side structures that 
provides high quanttan efficiency of tine photodiode v;ithin the 
spectral range close to the bandgap, and provides siiperior 
tempora:! characteristics. The present: invention also 
provides related fabrication methocts jebr the photodiod^s and 
photodiode back side sti-uct\ireis. The highly reflective back 
surface structure for silicon photodiodes also greatly 
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improv'es the pliotoaiode temporal characteristics and, 
therefore, is -useful in construction of fast photodiodes in 
near irifrared spectral range. 
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What is claimed is: 

1. ^ phptodip<ie con^rl^lng: 

a silicon substrate of a f i±s:t conductivity type haviri^ 
first atxS secpad sttrfac^s:? 

a regfion of a secoad cosductivifcy type, on tim first 
surface of the siafostrate; 

a region of a fir^t conductivity type on the second 
surf ace: of the sufastrate, the regioii of a first eoiiductiyity 
ty^e oti the second surface of tlie substrate having a Mghsr 
conductivity than the sxibstrate? 

a patterned isolation l&yetr on the arfegfion of a first 
conductivity type on. the second surface of the etih'Strate; 
aiid, 

a laetal layer on the patter-ijed isolation layer and 
contacting the regrion of a first conductivity type on the 
second surface of the substrate between region^ of the 
patterned isolation layea:. 

2. The photodiode of claim 1 wherein pattern of the 
patterned isolation layer is a r-epetitive pattern. 

3 > The photodiode of claim 2 wherein the isolation 
layer is ari oxide layer, 

4. The photodipde of claim ? wherein the isolation 
layer is a nitride layer. 

5. The photodiode of claim 2 wherein the pattefn is a 
repetitive pattern of rectah!|tiiar resribhs. 



6. The photodiode of claim 1 wherein the substrate is 
an n~type substrate. 
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7 . l-he photodiode of claim 1 wherein the substrate is 
an p~ type substrate. 

8. The photodiqde of claim 1 furtiier coitiprisea of an 
oxi^e la^fer over the region of a second conductivity type and 
surrounding substrate, and a patterned metal layer over the 
oxide layer and raakiiig electrical contact with ttee region of 
a secoad coraduotivlty type tbroiig-h an opening in the oxide 
layer. 

9. A iriethod of forming a p>hotodiode comprising; 
providing yubst.rat:e of a first conductivity 

type liaving firsc and second surifaces; 

doping the second surface o£ the substrate to provide a 
layer of the first: conductivity type; of higher conductivity 
than the substrate and providing a layer of oxide thsraover; 

doping the first surface of the isubstrate to provide a 
layer of tha secona conductivity type and providing a layer 
of oxide thereover ; 

masking and etching the oxic3.e layers on the first and 
second surf: aces oi: the substrate to expose a contact region 
to the layer of the second conductivity type and to pattens 
the oxide layer on the second surrf ace to expose a 
compl^entary pattern of the layer of the first conductivity 
type of higher conductivity than the substrate; and, 

providing a layer of metal on the second surface of the 
substrate and a patterned layer of metal on the first surface 
of the substrate. 
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